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POWER SUPPLY CIRCUIT FOR 
DRIVING LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a power supply 
circuit for driving a liquid crystal display device. 

2 . Description of the Related Art 

Fig. 1 shows the constitution of an example of 
a conventional power supply circuit for supplying 
electric power to, and driving, a passive matrix liquid 
crystal display device that is driven by a data drive 
circuit and a scan drive circuit. The power supply 
circuit of this example is operative to supply a data 
drive voltage to the data drive circuit- In Fig, 1, 
reference character 501 designates an input power supply. 
The value of a voltage supplied from this input power 
supply 501 is 6 V ± IV or so. 

further, reference characters 502 and 504 
denote resistt^rs. Reference character 503, 505, 

506, and 507 respectively designate a variable resistor, 
a diode group, aN^ransistor , and a data drive voltage for 
driving a data drive circuit of the liquid crystal 
display device. Ref essence characters 508 and 509 dewote 
capacitors. The resistor 502, the variable resistor 503, 
the resistor 504, and the\diode group 505 are connected 
in series in this order. A\terminal of the upper 
resistor 502 is connected to the input power supply 501. 
A cathode of the diode group 50Jk is connected to the 
ground . \ 

The transistor 506 is an ordinary bipolar 
transistor. The collector, base, emitter of this 
transistor 50 6 are connected to the input power supply 
501, a sliding terminal of the variable resistor 503, and 
a terminal of the capacitor 509, respectively. The other 
terminal of this capacitor 509 is connected to the 
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ground. Furthermore, the capacitor 508 is connected 
between the base of the transistor 506 and the ground. 

The data drive voltage 507 corresponds to a 
voltage for driving the liquid crystal display device ♦ 
The upper resistor 502 is used for determining an upper 
limit of the data drive voltage 507 , while the lower 
resistor 504 is used for determining a lower limit of the 
data drive voltage 507. Moreover, the variable resistor 
503 is used for regulating a base current of the 
transistor 506* 

The diode group 505 consists of two silicon 
diodes connected in series with each other and is 
provided for compensating for the temperature 
characteristic of the liquid crystal display device. 
That is, when a user changes a resistance value of the 
variable resistor 503, the data drive voltage 507 is 
regulated at a low current within a voltage range limited 
by the upper resistor 502 and the lower resistor 504. 
Thus, the brightness of the liquid crystal display device 
is controlled* 

Furthermore, a scan drive voltage (not shown) 
outputted from the scan drive circuit for driving the 
liquid crystal display device is constant. 

Fig. 2 is a graph illustrating brightness 
control ranges for controlling the characteristics of the 
liquid crystal display device, which include the 
brightness and the temperature characteristic thereof, in 
the case of using the conventional power supply circuit. 
Fig. 2 shows curves (namely, T-v curves) representing the 
dependence of the transmittance of the liquid crystal 
display device on the root mean square value of a voltage 
(level of a video signal) at certain temperatures in a 
normally white mode. In Fig. 2, reference characters 
601, 602, 603, 604, 605, and 606 denote a high- 
temperature operating range, a low-temperature operating 
range, an automatic temperature correction range, a room- 
temperature operating range (indicated by a solid curve), 
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a high- temperature T-V curve (indicated by a one-dot 
chain curve), and a low-temperature T-V curve (indicated 
by a two-dot chain curve), respectively. The room- 
temperature T-V curve 604 is a T-V curve obtained at a 
5 temperature of 20 °C, and commences falling when the root 
mean square value of the voltage is about 1.9 (Vrms), and 
ceases falling when the root mean square value of the 
voltage is about 2.2 (Vrms), 

The low-temperature T-V curve 606 is a T-V 

10 curve obtained at a temperature of 0 °C, and commences 

falling when the root mean square value of the voltage is 
about 2.0 (Vrms), and ceases falling when the root mean 
square value of the voltage is about 2.3 (Vrms). The 
high-temperature T-V curve 605 is a T-V curve obtained at 

15 a temperature of 40 °C, and commences falling when the 
root mean square value of the voltage is about 1 . 8 
(Vrms), and ceases falling when the root mean square 
value of the voltage is about 2.1 (Vrms). 

The low- temperature operating range 602 

20 indicates a range for controlling the brightness of the 

liquid crystal display device at a temperature of 0 °C by 
using the power supply circuit shown in Fig. 1. Further, 
the high-temperature operating range 601 indicates a 
range for controlling the brightness of the liquid 

25 crystal display device at a temperature of 40 °C by -using 
the power supply circuit shown in Fig. 1. The automatic 
temperature correction range 6 03 indicates a range for 
automatically correcting the brightness of the liquid 
crystal display device according to the temperature 

30 characteristic of the diode group 505 shown in Fig. 1. 

Both of the low- temperature operating range 602 
and the high-temperature operating range 601 are 
determined by the variable resistor 503 shown in Fig. 1. 
The difference between the low-temperature operating 

35 range 602 and the high-temperature operating range 601 
depends upon the automatic temperature correction range 
603. 
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In the case of the power supply circuit shown 
in rig- 1, the operating ranges are increased by using 
the variable resistor 503 , whose resistance is largely 
variable, so as to compensate for a range change caused 
according to the temperature characteristic of the liquid 
crystal display device. Thus, fine adjustment of the 
data drive voltage 507 cannot be achieved. Moreover, the 
range of the data drive voltage 507 changes with 
production variations in the input power supply. 

Further , the division of the input power supply 
501 by, for instance, resistance division using the upper 
resistor 502 and the lower resistor 504 reduces the 
significance of a voltage change caused by the 
temperature of the diode group 505 for temperature 
15 compensation. 

Furthermore, an optimum value of the data drive 
q voltage 507 is twice a voltage close to a threshold 

fll voltage (vthLCD) of the liquid crystal of the device, at 

which the optical characteristics thereof abruptly 
q 20 change. Therefore, it is inadvisable that a user 

controls the data drive voltage 507 by adjusting the 
variable resistor 503. 

|s (jit 

I s ! j SUMMARY OF THE INVENTION 

E9 An object of the present invention is to provide a 

n 

j"l 25 stable power supply circuit which can automatically-. 

control the brightness of a liquid crystal display 
device. 

To achieve the foregoing object, according to the 
present invention, there is provided a power supply 
30 .circuit which has a scan driver power circuit for 

supplying a scan drive voltage to a scan driver for 
scanning a liquid crystal display device and which has a 
data driver power circuit for supplying a data drive 
voltage to a data driver for sending display data to the 
35 liquid crystal display device. The data driver power 
circuit comprises an input power supply serving as a 
universal power supply therefor, an amplifying element 
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having an input terminal connected to the input power 
supply , and having a control terminal, and an output 
terminal from which the data driver power voltage is 
outputted, an electric current limiting resistor having a 
first terminal connected to the input power supply, and 
having a second terminal connected to the control 
terminal of the amplifying element, and a diode group 
including a plurality of series-connected diodes each 
having a cathode terminal connected to the control ^ 
terminal of the amplifying element, and having an anode 
terminal connected to the ground. 

Further, in this power supply circuit, the scan 
driver power circuit comprises an input power supply 
serving as a universal power supply therefor, an 
amplifying element having an input terminal connected to 
the input power supply, and having a control terminal, 
and an output terminal from which the data driver power 
voltage is outputted, a divider circuit, provided between 
the input power supply and the ground, for setting an 
upper limit value of a voltage applied to the control 
terminal of the amplifying element, and a variable 
resistor having a resistance variation terminal connected 
to the control terminal of the amplifying element. The 
variable resistor is operative to vary a voltage 
appearing at the output terminal of the amplifying *- 
element by changing a voltage applied to the control 
terminal of the amplifying element* 

The divider circuit of the scan driver power circuit 
comprises a resistor having a terminal connected to the 
.input power supply, and comprises a Zener diode having a 
cathode connected to the resistor and having an anode 
connected to the ground. Moreover, a terminal of the 
variable resistor may be connected to the cathode of the 
Zener diode* 

Furthermore, the data drive voltage may be within a 
range of a voltage, which is lower than a threshold- 
voltage of a liquid crystal used in said liquid crystal 



display device by 20 % of the threshold voltage, to a 
voltage that is higher than the threshold voltage thereof 
by 20 % of the threshold voltage. Alternatively , the 
data drive voltage may be within a range of a peak to 
peak voltage of a signal, which is inputted to the data 
driver, ±20 % thereof. Further, the number of diodes of 
the diode group may be 7 . 

Incidentally, the diodes of the diode group may be 
silicon diodes. The resistance of the current limiting 
resistor may be within a range of 40 k£2 to 50 kQ. 
Additionally, each of the amplifying elements may be a 
bipolar transistor, a field effect transistor, a MOS 
transistor, or an operational amplifier. 

According to the present invention, a temperature 
compensation function and a voltage regulation function 
are provided by the data driver power circuit, A 
function of controlling the brightness as a user desires 
is provided to the scan driver power circuit- Further, 
according to the present invention, the data driver power 
circuit has the diode group and the current limiting 
resistor so that the data drive voltage is 3.6 V or so at 
room temperature* 

This is because of the fact that the root mean 
square value of the threshold voltage (VthLC) of most of 
liquid crystals is 1,8 to 2,0 (vrms) or so and that v it 
is, therefore, advisable to set the data drive voltage at 
3,6 to 4,0 (Vrms), which is twice the value of such a 
threshold voltage. Further, the power supply circuit of 
the present invention has an advantage in that this power 
supply circuit may be used in common as a power supply 
for driving a logic portion of the data driver power 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other features, objects and advantages of the 
present invention will become apparent from the following 
description of preferred embodiments after reference to 
the drawings in which like reference characters designate 
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like or corresponding parts throughout several views and 
in which: 

Fig. 1 is a circuit diagram showing the constitution 
of a conventional power supply circuit for driving a 
liquid crystal display device; 

Fig. 2 is a graph showing characteristic curves, 
which are T-V curves of the liquid crystal display device 
employing the conventional power supply circuit, and 
high-temperature and low-temperature operating ranges 
respectively corresponding to the R-V curves of the 
liquid crystal display device employing the conventional 
power supply circuit; 

Fig. 3A is a circuit diagram showing the 
constitution of a data driver power circuit of a power 
supply circuit for driving a liquid crystal display 
device according to the present invention; 

Fig. 3B is a circuit diagram showing the 
constitution of a scan driver power circuit of the power 
supply circuit for driving the liquid crystal display 
device according to the present invention; 

Fig. 4 is a graph showing the characteristic 
relationship between the root mean square value of the 
voltage (level of a video signal) for illustrating the 
dependence of the root mean square value of the voltage 
on temperature in the power supply circuit of the present 
invention; 

Fig. 5 is a graph showing characteristic curves, 
which are T-V curves of the liquid crystal display device 
employing a power supply circuit of the present 
invention, and high-temperature and low-temperature 
operating ranges respectively corresponding to the R-v 
curves of the liquid crystal display device employing the 
power supply circuit of the present invention; and 

Fig. 6 is a diagram showing a power supply voltage 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 3A is a circuit diagram showing the 
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constitution of a data driver power circuit 110 for 
driving a liquid crystal display device according to the 
present invention. in Fig. 3A, reference character 101 
designates an input power supply* This input power 
5 supply 101 serves as a universal power supply for the 
data driver power circuit 110 that acts as a power 
circuit for the data drive circuit. The voltage supplied 
from the input power supply 101 is 6 v ±1 v or so. 

further, reference character 102, 103 f 104, and 105 
10 designates a resistor, a transistor, a diode group, and a 
data driv\ voltage for driving a data drive circuit of a 
liquid crystal display device, respectively. Reference 
characters 10G\ad 109 denote junctions. Reference 
characters 111 and 112 designate capacitors. The 
15 resistor 102 and ti^e diode group 104 are connected in /s 
series at a junctioi\l09 . A terminal of the resistor 10V N 



is connected to a junction 106 that is connected to an 
input power supply 101. \A cathode of a diode group 
is connected to the grounds 

20 The transistor 103 is an ordinary bipolar 

transistor. The collector, base, and emitter of the 
transistor 103 are connected to the junction 106, the 
junction 109, and the ground through the capacitor 112, 
respectively. A data drive voltage 105 is outputted from 

25 the connecting point between the capacitor 112 and ttee 
emitter of the transistor 103- Further, the capacitor 
ill is connected between the base of the transistor 103 
and the ground. The bipolar transistor 103 outputs the 
data drive voltage 105 to the emitter thereof according 

30 to the voltage at the junction 109. 

The capacitor 111 is provided so as to stabilize the 
base voltage of the transistor 103. The capacitor 112 is 
provided so as to stabilize the data drive voltage 105. 
The diode group 104 consists of seven series- 

35 connected silicon diodes, whose threshold voltage (VthSi) 
is about 0.6 V at room temperature. This diode group 104 
is provided so as to set the voltage at the junction 109 



set at 4.2 v at room temperature. The electric current 
limiting resistor 102 is provided so as to obtain a 
stable diode characteristic region, and is set within a 
range of 40 kQ to 50 kQ. Thus, the current limiting 
resistor 102 limits electric current flowing from the 
junction 106 to the diode group 104* 

With this constitution, at room temperature, the 
data drive voltage 105 becomes about 3.6 V, since it is 
obtained by subtracting a voltage drop of about 0 - 6 V 
between the base and the emitter of the transistor 103 
from a voltage of 4.2 V at the diode group 104. 

incidentally, the temperature dependency of the 
threshold voltage (VthSi) of the silicon diode is usually 
2 mv/°C or so. Thus, the data drive voltage 105 is 3.8 V 
or so at a temperature of 0 °C. Further, at a 
temperature of 40 °C, the data drive voltage is 3.4 V. 
This is in close agreement with the temperature 
characteristic of the ordinary liquid crystal. 

Further, it has already been explained that if half 
of the data drive voltage 105 is close to the threshold 
voltage (VthLCD) of a liquid crystal, at which the 
optical properties of the liquid crystal abruptly 
changes, the contrast of a liquid crystal display device 
is improved. Most of the threshold voltages (VthLCD) 
range from 1 . 8 V to 2 . 0 V at room temperature . In view 
of such facts, this voltage, which is 3 . 6 V or so at room 
temperature as described above r is suitable. 

Fig. 3B is a circuit diagram showing the 
constitution of a scan driver power circuit 120- for 
driving a liquid crystal display device according to the 
present invention. In Fig. 3B r reference character 121 
designates an input power supply. This input power 
supply 121 serves as a universal power supply for the 
scan driver power circuit 120. A voltage supplied from 
the input power supply 121 is 25 V±l V or so. 

Further, reference characters 122 and 125 denote 
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resistors. Reference characters 123 , 124 , and 126 
designate a zener diode, a variable resistor, and a 
transistor, respectively. Reference characters 127 and 
131 denote junctions- Reference characters 128 to 130 
designate capacitors. Reference character 132 denotes a 
scan drive voltage for driving the scan drive circuit of 
the liquid crystal display device. The resistor 122 is 
connected between the junctions 127 and 131. The zener 
diode 123, the capacitor 128, and a series circuit 
consisting of the variable resistor 124 and the resistor 
125 connected in series are connected in parallel between 
the junction 127 and the ground. 

The transistor 126 is an ordinary bipolar 
transistor. The collector, base, emitter of this 
transistor 126 are connected to the input power supply 
131, a sliding terminal of the variable resistor 124, and 
the ground through the capacitor 129, respectively, A 
scan drive voltage 132 is outputted from a connecting 
point between this capacitor 129 and the emitter of the 
transistor 126. Furthermore, the capacitor 130 is 
connected between the base of the transistor 126 and the 
ground. The transistor 12 6 outputs from the emitter 
thereof the scan drive voltage 132 corresponding to the 
base voltage thereof. 

The zener diode 123 and the resistor 122 are 
provided so as to regulate the voltage, which is supplied 
from the input power supply 121, at the junction 127, 
The variable resistor 124 is provided so as to vary the 
base voltage of the transistor 126 within a range between 
an upper limit voltage, which is determined b the zener 
diode 123, and a lower limit voltage, which is determined- 
by the resistor 125. 

The capacitor 128 is provided so as to stabilize the 
regulation voltage provided by the Zener diode 123. 
Further, the capacitor 130 is provided so as to stabilize 
the base voltage of the transistor 126. Moreover, the 
capacitor 129 is provided so as to stabilize the scan 
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drive voltage 132. 

With this constitution, when a user changes the base 
voltage of the transistor 126 by manipulating the 
variable resistor 124, the scan drive voltage 132 stably 
varies in response thereto. 

Fig. 4 is a graph showing temperature characteristic 
measured when ambient temperature was changed from about 
- 10 °C to about 50 °C in the case that a passive matrix 
liquid crystal display device, whose screen was split 
into ISO regions , was driven at the data drive voltage 
and the scan drive voltage, which were respectively 
generated by the power circuits of Figs. 3A and 3B. 
incidentally, after the data drive voltage 105 and the 
scan drive voltage 132 were measured, the root mean 
square value of the voltage (level of a video signal) was 
obtained by the following equation generally known as 
used for calculation of an effective value of a driving 
voltage for a liquid crystal display device: 

Vrms = ilv$ z +fyt 2 -Vs 2 )/n 
where vs designates half of the data drive voltage, and 
vt indicates the scan drive voltage 132, and n denotes 
the number of regions into which the screen is split and 
is 160 in this case. 

The data drive voltage 105 changed from about 3.8V 
to about 3.4 v when the ambient temperature was changed 
from 0 °C to 40 °C. At each temperature, when the scan 
drive voltage 132 was about 18V, the entire screen was 
black When the scan drive voltage 132 was about 11 v, 
the entire screen was white, when the scan drive voltage 
132 was about 14V, an image was normally displayed. 

A two-dot chain curve 201, corresponding to the case 
in which the entire screen was black, indicates the root 
means square values of the voltage (level of a video 
signal) in the case that the display on the entire screen 
of the liquid crystal display device was black when the 
scan drive voltage was changed by operating the variable 
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resistor 124. Further , a one-dot chain curve 202, 
corresponding to the case in which the entire screen was 
white, indicates the root means square values of the 
voltage (level of a video signal) in the case that the 
display on the entire screen of the liquid crystal 
display device was white when the scan drive voltage was 
changed by operatihg the variable resistor 124 ♦ 

Moreover, a. solid curve 204, corresponding to the 
case in which an image was normally displayed, indicates 
the root means square values of the voltage (level of a 
video signal) 

in the case that the image normally 
displayed on the entire screen of the liquid crystal 
display device was white when the scan drive voltage was 
changed by operating the variable resistor 124. The 
voltage of a range 203, in which the quality of the 
liquid crystal is assured to a change in temperature, 
ranges from 0 °C to 40 *C, similarly as prescribed as a 
normal case. 

The curve 201, corresponding to the case in which 
the entire screen was black, and the curve 202, 
corresponding to the case in which the entire screen was 
white, fall as the temperature rises. This is due to an 
amor^of change in the data drive voltage 105, which is 
base J /Ji the temperature characteristic of the diode 
group 104 illustrated in Fig. 3A. Furthermore, the*, 
difference between the curves 201 and 202 is due to an 
amount of change in the scan drive voltage 132, which is 
caused by the variable resistor 124. 

Incidentally, in the range of temperature of 0 °C to 
.40 °C, the amount of change in the data drive voltage 105 
due to the temperature characteristic of the diode group 
104 is about 0,30 Vrms. The amount of change in the scan 
drive voltage 132 due to the variable resistor 124 is 
about 0.15 Vrms. These amounts of change in the voltages 
are significantly different from those of the 
conventional case. 

Fig. 5 is a graph illustrating brightness control 
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ranges for controlling the characteristics of the liquid 
crystal display device, which include the brightness and 
the temperature characteristic thereof, in the case of 
using the power circuits illustrated in Figs. 3A and 3B, 
and showing curves (namely, T-V curves) representing the 
dependence of the transmittance of the liquid crystal 
display device on the root mean square value of a voltage 
(level of a video signal) at certain temperatures in a 
normally white mode. In this graph, the solid T-V curve 
measured at room temperature was obtained at a 
temperature of 20 °C. The root mean square value of the 
voltage commences falling when the root mean square value 
of the voltage is about 1.9 (Vrms) and ceases falling 
when the root mean square value of the voltage is about 
2.2 (Vrms).' 

The low-temperature T-V curve 302, which is 
indicated by a two-dot chain curve, was obtained at a 
temperature of 0 °C- The root mean square value of the 
voltage (level of a video signal) commences falling when 
the root mean square value of the voltage is about 2 . 0 
(Vrms) and ceases falling when the root mean square value 
of the voltage is about 2.3 (Vrms). The high-temperature 
T-v curve 303, which is indicated by a one-dot chain 
curve, was obtained at a temperature of 4 0 °c. The root 
mean square value of the voltage commences falling when 
the root mean square value of the voltage is about 1-8 
(Vrms) and ceases falling when the root mean square value 
of the^ voltage is about 2.1 (Vrms). 



/The low- temperature operating range 305 indicates a ■ 
range for controlling the brightness of the. liquid 
crystal display device at a temperature of 0 °C by using 
the power circuit shown in Fig. 3A. Further, the high- 
temperature operating range 304 indicates a range for 
controlling the brightness of the liquid crystal display 
device at a temperature of 40 Q C by using the power 
circuit shown in Fig. 3A. The automatic temperature 
correction range 306 indicates a range for automatically 




correcting the brightness of the liquid crystal display 
device according to the temperature characteristic of the 
diode group 104 shown in Fig. 3A. 

As can be understood from the comparison between the 
automatic temperature correction range 306 of Fig. 5 
according to the present invention and the automatic 
temperature correction range 603 of Fig. 2 in the case of 
the conventional power supply circuit , the range 
automatically controlled by the diode group 104 of the 
present invention is wide. In addition , since the range 
controlled by the variable resistor 124 is effective only 
in the narrow range around a central position of the 
steep characteristic of the T-v curve at each 
temperature, a user can easily adjust the brightness of 
the liquid crystal display- 
Incidentally, the variation range of the automatic 
temperature correction range 306 is in close agreement 
with that of each of the low- temperature T-v curve 302 
and the high-temperature T-v curve 303. That is, the 
transmittance adjusted to a point B on the high- 
temperature T-V curve 303 at a temperature of 40 °C is 
automatically changed into that corresponding to a point 
A on the low-temperature T^v curve 302 at a temperature 
of 0 °C. Namely, the brightness adjusted at each 
temperature is automatically maintained, at almost the 
same level, even when the temperature changes - 

Fig. 6 is a diagram showing the relationship among 
voltages at the data drive circuit for illustrating 
reduction in the number of power supplies, which is 
another characteristic feature of the present invention* 
In this diagram, an input signal voltage range 402 is a 
range of the voltage level of a logic signal inputted 
from an external circuit. This range of the voltage is 
usually from 0 V to 3.3 V. 

A low-temperature data drive voltage 403 is a power 
supply voltage for driving the data drive circuit at a 
temperature of 0 °c, and is 3.8 V. A high-temperature 
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data drive voltage 4 04 is a power supply voltage for 
driving the data drive circuit at a temperature of 40 °C, 
and is 3,4 V. 

in the case of the conventional power supply 
5 circuit, the power supply voltage for driving the data 
drive circuit at a temperature of .0 °C is about 5 v. 
Thus, an additional power supply or level shifter for 
supplying a voltage of 3.3 v is needed. In contrast with 
this, in the case of the power supply circuit of the 

10 present invention, 3.3 v., which is the voltage level of 
the input signal, is not less than 80 % of 3.8 V, which 
is the low-temperature data drive voltage 403. Thus, the 
power supply circuit of the present invention can be used 
in common as a power source for driving liquid crystals. 

15 Namely, one part of a power supply for the logic of 

the data drive circuit can be omitted in a range of 
temperature ofO °Cto40 °C. 

Although seven series^connected silicon diodes are 
used as the diode group 104 in this embodiment, needless 

2 0 to say, it is easily devised that the number and kinds of 
the diodes are changed according to changes in the 
threshold voltage (VthSi) of the silicon diodes, in the 
threshold voltages (VthLCD) of the liquid crystal, and in 
the range 4 02 of the voltage level of the input signal. 

25 Moreover, although bipolar transistors are used as 

the amplifying elements in this embodiment, amplifying 
elements, such as field effect transistors (FETs), MOS 
transistors, or operational amplifiers, may be used 
instead of the bipolar transistors. 

30 Thus, the power supply circuit of the present 

invention for driving a passive matrix liquid crystal 
display device can supply optimum voltages in a wide 
range, in which the function of assuring quality to a 
change in temperature is effective. 

35 Although the preferred embodiments of the present 

invention have been described above, it should be 
understood that the present invention is not limited 
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thereto and that other modifications will be apparent to 
those skilled in the art without departing from the 
sprint of the invention. 

The scope of the present invention, therefore, 
should be determined solely by the appended claims. 



